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[57] ABSTRACT

This invention relates to a process for preparing certain
sulfophenethylsiloxanes by reacting nearly equimolar
amounts of chlorosulfonic acid with certain phenethyl-
trichlorosilanes in the presence or absence of a solvent
according to the specified reaction conditions.
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PROCESS FOR PREPARING CERTAIN
SULFOPHENETHYLSILOXANES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a process for preparing cer-
tain sulfophenethylsiloxanes by reacting essentially
equimolar amounts of chlorosulfonic acid with certain
phenethyltrichlorosilanes optionally in the presence of a
solvent according to specified reaction conditions.

2. Description of the Prior Art

It is known to prepare sulfophenethylsiloxanes by the
reaction of chlorosulfonic acid and a phenethyltri-
chlorostlane. U.S. Pat. No. 2,968,643 describes such a
reaction in Example 1 of the patent. However, this
example uses an excess of chlorosulfonic acid to form
the water insoluble intermediate. This process also cre-
ates environmental problems because it is necessary to
dispose the by-products generated in this process.

SUMMARY OF THE INVENTION

This invention relates to a process for preparing a
sulfophenethylsiloxane having either of the following
formulae:

(I)

[ R R

OH O
Ri—Si—0—3—
oH O
R R

(I1)
i R R>
R ©© :
R R
R R
comprising:

(a) adding chlorosulfonic acid and a phenethyltri-
chlorosilane having either of the following formu-
lae:

n

(I1I)

R R1=—SiCl;
R R
R Rj (IV)
R ©© )
R R
R R

in essentially equimolar ratios of chlorosulfonic
acld and phenethyltrichlorosilane to a reaction
vessel:

(b) heating the reaction mixture of (a) to a tempera-
ture greater than 45° C., preferably 80° C. to 100°
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C., until the evolution of hydrogen chloride is sub-
stantially complete; and
(c) hydrolyzing the reaction mixture;
wheremn R of Formulae I, II, III, and IV is individually
hydrogen, halogen, or an alkyl radical having 1-4 car-
bon atoms; R1s an alkylene radical having 2 to 5 carbon
atoms; Ry 1s R or

Con
'—R]—?i—o—'ﬁ—
OH O

with the proviso that at least one R be

Lo
—Rl—'Slii“"()—IS]—;
OH O

R31s R or —R;—SiCl3 with the proviso that at least one
R3 be —RS1Cl3; and n is at least 1. Ry is an alkylene
radical having 2 to 5 carbon atoms; and n is at least 1,
preferably 2 to 4.

The process may also be carried out in the presence
of a solvent. This offers the advantage of easier han-
dling of the reactants, but increases the material costs. If
the process is carried out in the presence of a solvent,
the reaction mixture is preferably heated to a tempera-
ture sufficient to reflux the solvent; and the intermediate
1s preferably cooled after the evolution of hydrogen
chloride 1s substantially complete. The product is then
recovered by conventional means such as distillation of
the solvent and filtration. If no solvent is used, the inter-
mediate can be heated before hydrolysis.

The process is particularly significant because essen-
tially equimolar ratios of chlorosulfonic acid and phene-
thyltrichlorosilane are used. This is evidently possible
because the chemistry of the process requires that pref-
erably two moles of hydrogen chloride is driven off
before hydrolyzing. Failure to do so results in an incom-

plete reaction and the formation of insoluble by-pro-
ducts.

The subject process produces practically no waste
and therefore minimal environmental problems since it
does not produce aqueous sulfuric acid and hydrochio-
ric acid. Also, it is possible to achieve yields of more
than 98 percent on a regular basis when using the sub-

ject process.

The uses of the subject compounds are well known,
particularly as silicate stabilizers in antifreeze formula-
tions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The phenethyltrichlorosilane compounds having
structural formulae III or IV are well known in the art.
Generally preferred are compounds wherein R is a
hydrogen atom and R is an ethylene or propylene radi-
cal. Specific examples of such compounds are S-phene-
thyltrichlorosilane and a-phenethylitrichlorosilane.

The phenethyltrichlorosilane and the chlorosulfonic
acid are added to a reaction vessel in essentially equimo-
lar ratios (preferably 1:1 to 1:1.05). A solvent which will
not react with the chlorosulfonic acid or the phenethyl-
trichlorosilane may also be used and added to dilute the
reaction medium. Such solvents include aliphatic hy-
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drocarbons and their halogenated derivatives. Specific
examples include 1,1,2-trichloro-1,2,2-trifluoroethane,
1,2-difluoro-1,1,2,2-tetrachlororoethane, 1,2-dichloroe-
thane, 1,1,2-trichloroethane, and heptane. In general it
is preferable to add the chlorosulfonic acid and the
phenethyltrichlorosilane at a temperature of less than
45° Celsius, preferably 80° C. to 100° C.

After adding the reactants and the solvent, if one 1s
used, to the reaction vessel, the reaction mixiure is
heated to a temperature of at least 45° C., or when a
solvent is used to a temperature sufficient to reflux the
solvent, until the evolution of hydrogen chloride 1s
substantially complete to form an intermediate. By sub-
stantially complete, it is meant that preferably at least 95
percent of the theoretically calculated hydrogen chlo-
ride should have evolved, most preferably at least 98
percent. Preferably one mole of H(Cl should evolve per
mole of reactant, t.e., two moles of HCI should evolve
if one mole of silane and one mole of chlorsulfonic acid
are used. It i1s important that the hydrogen chloride
evolution be substantially complete even if a solvent has
not been used. Otherwise insoluble by-products are
likely to form. The intermediate can be cooled 1if a sol-
vent 1s used. Then the intermediate preferably s hydro-
lyzed to form the end product. The final product is then
recovered by filtering from diluent or other means if a
solvent is not used.

EXAMPLE 1

This example will illustrate the addition of chlorosul-
fonic acid to phenethyltrichlorosilane in the absence of
a solvent. |
- To a stirred reaction vessel containing 359.4 g (1.50
moles) of B-phenethyltrichlorosilane at a temperature
of 45° C. to 50° C., 174.8 g (150 moles) of chlorosulfonic
acid were added from an addition funnel over a period
of approximately four hours during which time hydro-

~ gen chloride was generated.

- The mixture was then reacted for an additional 60
- minutes during which time HCI evolution ceased and
~the mixture became solid. Then two portions were
heated to 94° C. for 44 hours in the presence of moisture
to form the final product.

Examples 2-6 1illustrate the use of a solvent in the
subject process.

In these examples, the reactions were run in a four-
necked round bottom flask equipped with a paddle
stirrer and variable speed motor, heating mantie, ther-
mowell and thermometer, one or two addition funnels,
and a high efficiency double wall reflux condenser. The
off-gas from the reflux condenser went to a scrubber for
the capture and automatic titration of the liberated hy-
drogen chloride. The reservoir of the scrubber was a
four-necked round bottom flask which contained water
maintained at pH 9.0 by an automatic buret fitted with
a 20 ml glassware unit filled with 50 percent sodium
hydroxide controlled by an end point titrator. A pH
electrode and the buret tip were fitted into a rubber
stopper which was placed in one of the flask necks. The
other three necks contained the off-gas inlet, the circu-
lation pump inlet line which extended to the bottom of
the flask, and a Vigreux column through which the
pump output cascaded downwards.

EXAMPLE 2

This example will illustrate the addition of the chlor-
osulfonic acid to the solvent and chlorophenethyltri-
chlorosilane.
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To a reaction vessel, 200 ml 1,2-dichloroethane and
68.4 g (0.25 mole) chlorophenethyltrichlorosilane were
added. Then 29.1 g (0.25 mole) of chlorosulfonic acid
was added to the cooled, rapidly stirred solution over a
period of eight minutes. The temperature was then
raised from 20° C. to the reflux temperature (82° C.) and
held for three hours. During this time more HCL was
evolved and the intermediate separated from the solu-
tion as an oatmeal-like precipitate. The precipitate was
separated by vacuum filtration using a Buchner funnel
fitted with a fine porosity glass frit. The solids were
placed 1n a large porcelain evaporating dish on a steam
bath. Twenty ml deionized water was added to speed
hydrolysis. After overnight reaction, 63 g of solid were
recovered, with a silicon dioxide content of 21.4 per-
cent. The yield of 1solated product was thus 90 percent.
The spectra, the acidity, and the solubility behavior
supported the structure of the product as chlorosulfo-
phenethylsiloxane.

EXAMPLE 3

This example will illustrate the simultaneous addition
of the chlorosulfonic acid and the phenethyltrichlorosi-
lane.

To a reaction vessel, 130 ml 1,1,2-trichloro-1,2,2-tri-
fluoroethane was added and heated to reflux tempera-
ture (48° C.). Then 120.0 g (0.50 mole) of S-phenethyl-
trichlorosilane from one addition funnel and 61.2 g
(0.525 mole) of chlorosulfonic acid from a second addi-
tion funnel were added to the solvent accompanied by
rapid stirring over a period of 15 minutes.

Reflux was maintained for sixty additional minutes,
during which time HCI evolution ceased and a large
amount of solid separated from solution. One liter of
water was added and the chlorofluorocarbon solvent
was removed by azeotropic distillation. Most of the
solid dissolved in the water. The final volume of water
was adjusted to one liter and a 170 ml aliquot was cen-
trifuged to remove insolubles and then evaporated to
dryness on a steam bath (162 ml yielded 22.5 g). The
solid isolated by centrifugation weighed between 0.1 to
0.2 g which indicated there was approximately one
percent water insoluble material. Based on the evapora-
tion experiment the yield of product was 139.0 g. The
exact yield was unknown since the S103 content was not
determined. If a S10; content of greater than 20.5 per-
cent is assumed, the yield was greater than 95 percent.
The infrared spectrum, solubility, and acid equivalent
weight (220 g/mole) indicated the product was B-sulfo-
phenethylsiloxane.

EXAMPLE 4

This example will illustrate the addition of the chlor-
osulfonic acid to the solvent and napthylethyltri-
chlorosilane.

To a reaction vessel, 200 ml 1,2-dichloroethane and
73 g (0.25 mole) napthylethylirichlorosilane are added.
Then, 29.1 g (0.25 mole) of chlorosulfonic acid are
added to the cooled, rapidly stirred solution over a
period of eight minutes. The temperature 1s raised from
20° C. to the reflux temperature (82° C.) and held for
three hours. During this time more HCI 1s evolved and
the intermediate separated from the solution as an oat-
meal-like precipiate. The precipitate 1s separated by
vacuum filtration using a Buchner funnel fitted with a
fine porosity glass frit. The solids are placed in a large
porcelain evaporating dish on a steam bath. Twenty ml
deionized water 1s added to speed hydrolysis. After
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overnight reaction, 63 g of solid is recovered, with a
silicon dioxide content of 21.4 percent. The yield of
isolated product is comparable to Example 2. The prod-
uct 1s identified to be sulfonaphtylethylsiloxane.

EXAMPLE 5

In this example, the B-phenethyltrichlorosilane was
added to a reaction vessel containing the solvent and
chlorosulfonic acid.

In a reaction vessel, 120 ml of 1,2-difluoro-1,1,2,2,-tet-
rachloroethane and 58.3 g (0.50 mole) of chlorosulfonic
acid were added. Then 120.0 g (0.50 mole) of B-phene-
thyltrichlorosilane were added to the rapidly stirred
suspension over a period of 32 minutes at room temper-
ature (0.32 mole hydrogen chloride liberated). The
heater was turned on and the temperature was brought
up to reflux (86° C.) within 25 minutes. During this
heat-up, rapid hydrogen chloride evolution occurred
with precipitation of solid product. A total of 0.92 mole
of hydrogen chloride was liberated. The reaction mix-
ture was cooled and one liter of water was added. Most
of the solid dissolved. The organic solvent was re-
moved by azeotropic distillation (110 ml recovered).
The hazy water solution was filtered (Whatman #30
paper) and evaporated on a steam bath to yield 114 g of
product. The exact yield was unknown since the silicon
dioxide content was not determined. If a silicon dioxide
content of 23 percent is assumed, the yield was 87 per-
cent.

EXAMPLE 6

This example illustrates the addition of the chlorosul-
fonic acid to the solvent and B-phenethyitrichlorosi-
lane.

In a reaction vessel, 500 ml of 1,2-dichloroethane and
120.0 g (0.50 mole) of B-phenethyltrichlorosilane were
added. Then 58.3 g (0.50 mole) of chlorosulfonic acid
was added to the rapidly stirred solution over a period
of five minutes. The temperature was increased to 82°
C. over a period of 90 minutes. Hydrogen chloride
evolution (1.01 mole) was complete in 230 minutes.
Water (18.0 g, 1.0 mole) was added dropwise over a
period of 14 minutes. An additional 0.99 mole of hydro-
gen chloride was evolved during the water addition
(complete hydrogen chloride evolution requires one
mole of water). The reaction mixture changed from a

clear solution before water addition to a slurry with an
oatmeal-like appearance midway through the water

addition to a slurry of solid product particles at the end
of the water addition.

The crude product was isolated by vacuum filtration
using a Buchner funnel with a coarse glass frit. The
crude product (ca. 300 g) was dried to constant weight
(124.3 g) on a steam bath. (The excess weight in the
crude product 1s mainly occluded solvent; a typical
solvent recovery from the filtration is 65 percent). The
silicon dioxide content of this product was 22.9 weight
percent which means the yield of isolated product was
95 percent. The spectra, complete water solubility, and
acld equivalent weight (240 g/mole) were consistent
with S-sulfophenethylsiloxanes.

COMPARISON EXAMPLE

This example illustrates the use of excess chlorosul-
fonic acid without a solvent. In this example, 1005.6 g.
(8.63 mole) of chlorosulfonic acid and 1034.1 g. (4.31
moles) of B-phenethyltrichlorosilane were used. The
addition temperature was 50° C. The reactants were
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6

added over a one hour period and it took an additional
one hour for the hydrogen chloride to evolve.

The reaction mixture was hydrolyzed with ice and
water (in a one-to-one mixture) with rapid stirring. A
rapidly settling granular product was obtained. The
upper layer was decanted and the product filtered off.
The filter cake was washed until neutral with approxi-
mately 15 liters of chilled distilled water. The filter cake
was dried with suction and transferred to a twelve-liter
evaporating dish (about 2700 g. of filter cake). The
product was then hydrolyzed on a steam bath with 4
hiters of distilled water. After a clear solution was ob-
tained, the dilute hydrochloric acid formed was evapo-
rated on a steam bath (about 3 days) until a constant
weight was obtained and no Cl—could be detected in
the product by the AgNQj3 test.

The final yield was 950.0 g. which was 77 percent of
theory based upon a 21 percent SiO; content.

The examples herein illustrate that improved yields
of B-sulfophenethylsiloxanes can be obtained without
stress to the environment by using essentially equimolar
amounts of chlorosulfonic acid and [B-phenethyltri-
chlorosilane at specified reaction conditions. The com-
parison example shows that a lower vield results when
excess chlorosulfonic acid is used. This process is also
wasteful and causes stress in the environment because of
the large amounts of by-products created. Specifically,
one mole each of sulfuric acid and hydrochloric acid
are formed for each mole of excess chlorosuifonic acid.
These must be removed from the product. Since the
product itself is water-soluble, some product is dis-
solved and washed away at the same time. Thus the
yleld is lower, and the waste water contains not only
Inorganic acids, but also organic compounds which
raise the total organic carbon content of the effluent.

The embodiements of the invention in which an ex-
clusive privilege or property is claimed are defined as
follows:

1. A process for preparing a sulfophenethylsiloxane
having either of the following formulae:

(I)

R R
T
OH O
R R "
(IT)
R Ry
R ©© )
R R
R R
n
comprising:

(a) adding chlorosulfonic acid and a phenethyltri-
chlorosilane having either of the following formu-
lae:
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R R (I11)
R YR ;—SiCl3
R R
R R3 (IV)
R Rz
R R
R R

in essentially equimolar ratios of chlorosulfonic
acid and phenethyltrichlorosilane to a reaction
vessel;

(b) heating the reaction mixture to a temperature
greater than 45° C. until the evolution of hydrogen
chloride 1s substantially complete to form an inter-
mediate; and

(c) hydrolyzing the intermediate;

wherein R of Formulae I, 11, I11, and IV is individually
hydrogen, halogen, or an alkyl radical having 1 to 4
carbon atoms; R 1s an alkylene radical having 2 to 5
carbon atoms; Rz 1s R or

o
—R]—Sli—O—IS—
OH O
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with the proviso that at least one R be
v
""R}"'"?i“"o_ﬁ"";
OH O

R3is R or —R1—Si1Cl3 with the proviso that at least one
R3be —R1S1Cl3; and n is at least 1.

2. The process of claim 1 wherein n 1s 2 to 4.

3. The process of claim 2 wherein the intermediate is
heated during hydrolysis.

4. The process of claim 2 wherein the reaction is
carried out 1n the presence of a solvent, and the product
is recovered from the solvent.

5. The process of claim 4 wherein the intermediate 1s
cooled prior to hydrolysis.

6. The process of claim 5 wherein the phenethyltri-
chlorosilane i1s 8-phenethyltrichlorosilane.

7. The process of claim 6 wherein the solvent is se-
lected from the group consisting of 1,2-dichloroethane,
1,1,2-trichloroethane, and 1,2-difluoro-1,1,2,2-tetra-
chloroethane.

8. The process of claim 7 wherein the chlorosulfonic
acid and B-phenethyltrichlorosilane are added to a reac-
tion vessel simultaneously.

9. The process of claim 8 wherein the amount of
B-phenethyltrichlorosilane used is a 5 percent excess
based upon the chlorosulfonic acid. |

10. The process of claim 7 wherein the chlorosulfonic
acid 1s added to the B-phenethyltrichlorosilane.

11. The process of claim 7 wherein the 8-phenethyl-

trichlorosilane i1s added to the chlorofulsonic acid.
% % 4 % i 4
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